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Abstract
Thewiremethodisamorerapidandlesscostlymethod
tomeasureimpe dancesofRFcomponentscomparedto
methodsusingabeam.Asetupusingasingledisplaced
wiretoexciteandmeasuretransverseresonantmodesin
acceleratingstructuresfortheNextLinearCollider/
JapaneseLinearCollider(NLC/JLC)hasbeenbuilt.The
RFsignaliscoupledintoandoutofthestructureusing
twomatchingsectionswithabroadbandfrequencyfrom
11to18GHz.Theircontributiontothescattering
parameterisminimizedbyacalibrationtechnique.A
standingwavestructurehasbeenmeasured .Difficultiesin
accuratelypredictingthemodallossfactorswere
encounteredrelatedtotheapproximationsmadeandto
experimentalissues.Themeasurementsarepresentedand
comparisonswithsimulationsaremade.
INTRODUCTION
Wakefieldsinaccelerat ingstructuresarethemaincause
oftransversebeamemittancegrowthinhighenergy
accelerators.Byappropriatedesignoftheaccelerating
structuresandabsorptionofelectromagneticenergy,they
mustbebroughtbelowalimitwheretheeffectonthe
beamisacceptable.Thereforetheirunderstandingis
essential.Althoughmoderncomputercodeshaveproved
togivereliableresults,measurementsareimportantas
well.
Directmeasurementsofwakepotentialsimplystudying
theirinteractionwithabeam.Measu rementsinthetime
domainhavebeenmadeforexampleattheASSETsetup
atSLAConX -bandacceleratingstructures[1],whileat
TTFatDESYindividualdipolemodeshavebeenstudied
[2].Theresultsofthesetypesofmeasurementsarein
goodagreementwit htheoreticalpredictions[3].
Neverthelesstheyrequirelongpreparationtimesand
costlybeamtime.Bench -topmeasurementsaremadeby
perturbingthefieldwithasmallbead[4]orby
propagating RFthroughacoaxiallinemadeofthe
structureandoneor twothinwires[5].
Inthispaperwepresentfirstfrequency -domain
measurementsusingthewiremethodona11.4GHz
standing-wavestructureinstudyfortheNLC/JLC[6].
Resultsarediscussedandcomparisonswithsimulations
aremade.
METHOD
Sincetheir proposalinthe1970s,  timedomain[7]and
frequencydomain[8]wiremeasurementshavebeenmade
forvariousmicrowavecomponents.Intimedomainthe
methodrequirescurrentpulsesofalengthshorteror
comparabletothelengthofthebunchesusedinthat
structure.Thereforewechosetostudyindividualmodes
infrequencydomain.Thewiremethodtheoryisrather
wellestablishedforresistivewallwakefieldsandmodes
belowcut -off.Severalapproximationsexistforlumped
anddistributedimpedances[9].A ttentionmustbepaid
particularlywhentheseconditionsarenotmet.
Setup
ThemeasurementsetupisshowninFig.1.Thesignal
fromanetworkanalyzerismatchedtotheportsofthe
structurethroughtwospeciallydesignedsections
containingadaptersfr omrectangularwaveguides(WR62)
tocoax.Thesehaveabroadbandfromabout11to
18GHz.Thewireisinsertedthroughtheadapterandcan
bedisplacedbyslightlybendingthethincoaxtubes.We
chosethissolutioninordertominimizediscontinuitiesi n
thestructure.
Thewireismadeofbrassandhasadiameterof
300 µm.Comparedtopreviousmeasurementsinsingle
cellcavities,thewirediameterhasbeenincreasedinorder
toprovideabettercontact. This hasimproved thestability
andreproducibilityofthetransmissioncurves.Forthe
samereason,theflangesofth ematchingsectionshave
beenmodifiedtoeliminatethegaskets.Thereflectionof
thematchingsectionsisbetterthan –30dB.


Fig.1Wiremeasurementsetup
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TRLcalibration
Inordertoobtainmeasurements thatare  hardlyaffected
bytheimperfectionsofthematchingsections,we
calibratedthemeasurementsattheportsofthematching
sectionsconnectingtothedeviceundertest(DUT).For
thisweusedaTRL(through -reflect-line)techniquein
whichonlyafewparametersofthecalibrationstandards
needtobepreciselyknown[10].A delaylineandanRF
shortwererequiredtobebuiltespeciallyforthissetup.
Thethirdstandardisathroughmeasurement.Withthis
methodonedoesnotneedtoknowpreciselythereflection
oftheshort,orthelengthofthedelayline.
Analternative wastocalibratethenetworkanalyzer
directlybymodifyingacalibrationkitforacoaxiallineto
fittheparametersofoursetup.Fig.2showsthe
agreementofthecalibrationresultsobtainedwiththese
twomethods.TheDUTishereasinglecellstruct ure.
Standing-wavestructure
Astandingwavestructurewasmeasuredinthissetup
(seeFig.1).Itconsistsof15cells which,priortotuning,
areidentical . Thestructure isfedthroughthemiddlecell
byasymmetricalcoupler.
Themaincontributionto thetransversewakefieldis
givenbythefirst3dipolepassbands[11].Thesetup
allowsustomeasurethefirsttwobandsplusthe
fundamentalmonopoleband.
RESULTS
Thetwoendsofthewirewereapproximatelycentered.
Thenthewirewasdisplacedusing twotransverse
micrometerswithrespecttothisposition.Movingthe
wireratherthanmeasuringatafixedpositionallowsusto
reducestatisticalerrors.Moreover ,onecanfitdataand
ascertainthelossfactorinthelimitofcenteredwire[12].
Atthe sametimethealignmentofthewirecanbebased
onthedipolesignal.
Measurementswithvariouswireoffsets
Fig.3showsthetransmissionparameter S21 measured
onthestanding -wavestructureforvarioustransverse
positionsofthewire.Onecandistingu ishthefundamental
monopolepassbandbetweenabout11.8and12.5GHz.It
remainsessentiallyunchangedwithchangingwireoffset.
Allmodesathigherfrequenciesarefromthefirstand
seconddipolepassbandsininteractionwiththeTEM
coaxialmode.The amplitudeofthepeakschange swith
thewireposition.Onecanseethattheyaresmallestfora
wireoffsetaround0.5mm.Thefrequencyofthemodes
alsoshiftsasthedisplacementofthewirechanges .Inthe
limitofzerowireoffset,thefrequenc ygoes tothe
frequencyoftheunperturbeddipole.
Comparisontosimulations
Thepropertiesofthestandingwavestructure  havebeen
simulatedwiththeHFSScode(HighFrequencyStructure
Simulator).TheS -parametersofasinglecellandofthe
endcellplusthe beampipewereobtained.Awirewith
300mmindiameterwasplaced1mmoff -center.Usinga
cascadingtechnique,theresultfora15 -cellstructurewas
obtained[13].
Fig.4comparesthesimulationwiththemeasurement
madeforarelativewiredisplacement of0mmwhich
seemstomatchitbest.Theagreementforthemonopole
bandisgoodapartfromafrequencyshift.Thisisdueto
neglectingtheinputcouplerinthesimulations.Alsothe
actualstructurewastunedtoobtainaflataccelerating
field.
Thedi polebandsaremoredifficulttocompare.They
dependstronglyonthealignmentofthewireandclearly
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Fig.2TRLcalibrationofmeasurementsona single-cell
structure.
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Fig.3 S21forvarioustransversepositionsofthewire.
thetwocurvesarenotmadeatthesamewireoffset.Also
itislikelythatthewirewastiltedwithrespecttothe
structureaxisandthereforesomemo deshavehigher
amplitudeinthesimulationandothersinthe
measurement.Thealignmentofthestructurecellsmay
alsoplayarole.
Thecouplingimpedanceandthelossfactorsofthe
structurearerelatedtotheS -parameters.Thecorrelation
isneverthe lessnotstraightforwardforaccelerating
structures.Thetheoryisratherwellestablishedfor
lumpedimpedances,andfordistributedimpedances,
belowcut -off.Furtherstudiesareinprogressinthissense.
SUMMARY
InitialwiremeasurementsofaNLC/JLC accelerating
structurehavebeenundertaken.Specialmatchingsections
havebeendesignedandbuiltinordertoallowfora
relativelyeasymountinganddisplacementofathinbrass
wire.ATRLcalibrationtechniquegivesgoodresults
whenapplieddirectly onthenetworkanalyzer,aswellas
post-measurement.Bymovingthewire,excitationof
dipolemodeswasobserved.Thesimulationsshowgood
agreementwiththemeasuredmonopoleband,andgivea
qualitativecomparisonforthedipole.Neverthelessbetter
wiretiltalignmentisneeded.Furtherinvestigationson
inferringthecouplingimpedanceofthedipolebandsis
underway.
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Fig.4Comparisonofmeasurementwiththewireplaced
atrelativepositionof0mmwithsimulationforawire
offsetof1mm.
